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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by 
the Metallography and Heat Treatment Sectional Committee had been approved by the Metallur- 
gical and Engineering Division Council. 

Different types of cast iron are being produced in the country. Most of them are covered by 
Indian Standards in which no specific stipulation regarding heat-treatment has been made. 
Nevertheless, heat treatment being carried out by the manufacturer to achieve desired properties. 
It is, therefore, felt that an Indian Standard on heat treatment of cast iron be formulated as a 
guideline to the manufacturer as well as to the user as to adopt uniform methods throughout 
the country. 

The family of cast iron offers a wide variety of engineering and metallurgical properties. 
Basically, cast iron is an alloy of iron, carbon and silicon. With the addition of different 
alloying elements in different proportions the properties are widely varied, hence its engineering 
uses. 

For the purpose of deciding whether a particular requirement of this standard is complied with, 
the final value, observed or calculated, expressing the result of a test or analysis, shall be 
rounded off in accordance with IS 2 : 1960 *Rules for rounding off numerical values ( revised )'. 
The number of significant places retained in the rounded off value should be the same as that of 
the specified value in this standard. 



IS 13655 : 1993 



Indian Standard 



GUIDELINES FOR HEAT TREATMENT OF 

CAST IRON 



1 SCOPE 

Ihis standard covers the method of heat treat- 
ment for the following types of cast iron. 

a) Cast iron ( other than Austenitic ) — 
Unalloyed and alloyed 

i) Grey iron, 
ii) Ductile iron, and 
iii) Malleable iron. 

b) Austenitic cast iron 

i) Flake graphite ( AFG ), and 

ii) Spheroidal graphite ( ASG ). 

The methods prescribed are general guidelines 
and there may be variation according to the 
practice and equipment available. 

This standard shall be applicable to the follow- 
ing Indian Standards, if heat-treatment is 
either specified by the purchaser or adopted by 
the manufacturer as a part of the processing 
requirement: 

Title 



castings ( third 



IS No. 

210 : 1978 Grey iron 

revision ) 

1865 : 1991 Iron castings with spheriodal 

or nodular graphite ( second 
revision ) 

2107 : 1977 Whiteheart malleable iron 

castings ( first revision ) 

2108 : 1977 Blackheart malleable iron 

castings (first revision) 

2640 : 1977 Pearlitic malleable iron 

castings ( first revision ) 

2749: 1974 Austenitic iron casting (first 

revision ) 

3355 : 1974 Grey iron castings for 

elevated temperatures for 
nonpressure containing parts 
( first revision ) 

4771 : 1985 Abrasion-resistant iron cast- 

ings ( second revision ) 

5787: 1986 Spheroidal or nodular graphite 

iron castings for paper mill 
dryer rolls ( first revision ) 



IS No. Title 

5789 : 1970 Austenitic spheroidal graphite 

iron casting for pressure 
containing parts suitable for 
low-temperature service 

6331 : 1987 Automotive grey iron castings 

( first revision ) 

7520 : 1974 Corrosion resistant high 

silicon iron castings 

2 HEAT-TREATMENT OF GREY CAST IRON 

As mechanical strength of grey cast iron is 
basically controlled by the shape and size of 
graphites, full benefit of heat-treatment can 
not be obtained as in case of ductile and 
malleable cast irons. Heat treatment how- 
ever, enhances the mechanical strength, wear 
resistance and machinability of grey cast iron. 

2.1 Chilled Iron 

Chilled iron is a cast iron which has a 
chemistry of grey iron but is caused to freeze 
white in some desired locations ( called chilled 
zone ) like wearing surfaces for abrasive 
resistance. The brittleness of the chilled zone 
may be reduced, if necessary, by transfering 
hot castings to holding furnaces to provide an 
annealing effect. 

2.2 The following types of heat-treatment may 
be prescribed for grey cast iron both alloyed 
and unalloyed: 

a) Stress relieving, 

b) Annealing, 

c) Normalizing and tempering, 

d) Through hardening and tempering, 

e) Austempering, 

f ) Martempering and tempering, and 

g) Surface hardening. 

2.2,1 Stress Relieving 

Most of the grey iron castings particularly of 
uneven sections have considerable internal 
stress which may occur due to uneven cooling 
during casting and such residual stress may 
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lead to dimensional changes and sometimes 
formation of cracks. To avoid this a stress 
relieving treatment is necessary. The following 
process may be adopted for stress relieving 
except for critical and/or highly alloyed 
castings in which case the stress relieving cycle 
is to be mutually agreed upon between the 
manufacturer and the purchaser: 

a) Loading the furnace, keeping the furnace 
temperature below 100°C, 

b) Heating to 510-650°C in about 3 hours. 
The stress relieving temperature is 
determined by the composition of the 
grey iron or as muiually agreed upon by 
The manufacturer and purchaser, 

c) Holding at that temperature for 1 hour, 

d) Furnace cooling to 200°C-300°C, and 

e) Finally air cooled. 

2.2.2 Annealing 

<jrey iron is normally subjected to one of the 
three annealing treatments each of which 
involves heating to a diflferent range of tempera- 
ture. These treatments are classified as 
ferritizing annealing, medium ( or full ), 
annealing, and graphitizing annealing. 

2.2.2.1 Ferritizing anneal 

When conversion of pearlitic carbide to ferrite 
and graphite for improved machinability is 
desired this treatment is prescribed. This may 
be of two types: 

a) Sub-critical anneal 

This treatment is given to unalloyed or 
low alloyed cast iron of normal composi- 
tion. It is not necessary for these 
castings to heat above transformation 
temp ( Al ) to obtain ferritizing effect, 
the process involved is; 

i) Charging the casting at below 100°C, 

ii) Heating to 650-760°C @ 25-150°C/h, 

iii) Holding at that temperature for 1-4 h, 

iv) Furnace cooling to 200-300°C, 
@ 25-100°C/h, and 

v) Finally air cooled. 

b) Medium anneal 

This is usually followed when sub-critical 
anneal would be inrDsffective in case of 
high alloyed cast iron. The process 



involved is: 

i) Charging the casting at below 100°C, 
ii) Heating to 780-900°C, @ 25-150°C/h, 
iii) Holding at that temperature for 

1/2-2 h, 
iv) Cooling through the transformation 
range @ 20°C/h up to 675°C, 

v) Furnace cooling to 200-300oC, @ 
25-100°C/h, and 

vi) Finally air cooled. 

2.2.2.2 Graphatizing anneal 

The purpose of graphatizing anneal may be 
either to convert massive carbides in chilled 
surface occurring particularly in gravity type 
permanent mould or to carry decomposition 
all the way to ferrite graphite structure for 
maximum machinability. 

a) Breakdown of carbides is achieved by 
holding the castings for 1/2-5 h at 
900-930°C. Air cooled to 540°C to retain 
maximum strength and wear resistance 
by forming pearlitic structure. Then cool 
to 200-300<'C, @ 25-100°C/h. 

b) When maximum machinability is desired 
the castings are heated to 900-930°C and 
held for 1/2-5 h. Furnace cooled @ 20°C/h 
through the transformation range up to 
540°C. Then furnace cooled to 200-300°C 
@ 25- 100°C/h. Finally cooled in air. 

2.2.3 Normalizing and Tempering 

Normahzing is not usually applied to grey iron 
unless in exceptional circumstances to increase 
the tensile strength. In presence of graphites 
in the form of flakes, cooling rate is more 
critical to achieve a pearlitic matrix for 
unalloyed grey cast iron. Presence of carbide 
forming alloying elements improves the strength 
in normalizing treatment. 

The normalizing process consists of heating the 
casting 25-150oC to 900-930°C, @ 25-100°C/h, 
holding at the temperature for 1 h/25 mm 
of maximum section thickness ( Min 1/2 h ) and 
cooling in still air. Some times forced air 
blast or fan cooling may be applied to thick 
section. 

Normally, normalizing is followed by temper- 
ing. In tempering treatment, the castings are 
heated @ 25-150°C/h to 200-600°C, holding for 
1-1/2 h/25 mm section thickness, cooling up to 
200-300='C, @ 25-lOOX/h and finally cooling in 
air. 
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2.2.4 Hardening and Tempering 

The hardening and tempering heat-treatment 
can give a better combination of ductility and 
strength that is possible in as cast or normalised 
irons. This is more applicable in ductile and 
nodular irons than grey cast iron but never- 
theless hardening and tempering of grey irons 
may improve wear resistance in addition to 
limited improvement of ductility and strength. 

2.2.4.1 The process involved in hardening is 
as follows: 

a) Charging the castings into the furnace 
below 100°C, 

b) Heating the castings in the furnace up 
to 600-650°C, @ 100°C/h and then 
rapidly heating to Ai + 80-100°C. For 
unalloyed casting a range of 850-950°C 
may be taken as hardening regime, 

c) Holding the castings at that temperature 
for 1/2 h/25 mm of maximum section 
thickness, and 

d) Quenching the casting in oil, soluble oil 
mixture or polymer quanchant at room 
temperature. 

The castings, prone to cracking, are to be 
Vi^ithdrawn from the quanchant at 150°C and 
immediately to be charged into termpering 
furnace. The tempering treatment consists of: 

a) Re-heating the castings in tempering 
furnace to 200-600°C @ 25-150^C/h, 

b) Holding for l/l-5h/25 mm at the 
temperature, 

c) Cooling to 200-300°C @ 25-100°C/h, and 

d) Finally cooling in still air or in air 
blast. 

2.2.5 Aus tempering 

Austcmpering results in bainite, a less brittle 
and soft structure than martensite which is 
obtained in normal quench hardening. The 
casting is quenched from a temperature above 
austenite transformation range ( 850-950°C ) 
above in a hot salt, oil or lead bath maintained 
at 250-400°C. It is held at that temperature 
for 20-30 minutes to allow complete banitic 
transformation and finally air cooled. 

2.2.6 Martempering and Tempering 

The differential volume changes occuring at 
different parts of the casting, as a result of 
martensitic transformation produce high 
stresses which causes distortion and frequent 
cracking of the casting. Martempering causes 
transformation of martensite which virtually 



eleminates any distortion and chance of crack- 
ing. However, martempering is to be followed 
by tempering. 

The process consists of quenching the casting 
from a temperature ( 850-950''C ) above 
austenite transformation range in hot salts, 
oil or lead bath maintained as Ms + 50°C 
( where martensite start temperature ). It is 
held in the batch only until the casting has 
reached the bath temperature and then air 
cooled. The tempering treatment is same as 
followed in normal hardening and tempering 
discussed in the appropriate clause of this 
Standard. 

2.2.7 Flame Hardening 

Flame hardening is advantageous particularly 
in respect of wear resistance of grey cast iron. 
But this process has several limitations in its 
applicability. Casting of intricate shapes is 
not ideal for flame hardening. High silicon 2 
percent and combined carbon above 0-8 percent 
are susceptible for distortion and crack during 
flame hardening. Coating should also be 
sufficiently cleaned. The method essentially 
consists of heating the job with a suitable 
torch flame at the temperature of 820-950°C 
followed by quenching. In progessive heating 
the quenching media should be non-inflamable 
type liquid, water at 40-50°C or non-infiama- 
ble oil mixture like soluble oil mixture should 
be used. The liquid is sprayed on the heated 
surface progessively. 

In spinning method of heating the job may be 
quenched in a conventional quenching oil as 
soon as the flame is withdrawn. Highly alloyed 
grey iron may be quenched by cold air blast. 
A low temperature stress relieving treatment 
preferably at 150-200''C with 4-6 hours 
soaking in a furnace or in hot oil should be 
giver, to reduce residual stress. 

3 HEAT TREATMENT OF DUCTILE IRON 

3.1 In ductile iron the graphitic carbon is 
nodularized by special inoculation and the 
matrix structures are either ferritic or peariitic 
or a combination of both. The combined 
carbon of the matrix may be from practically 
zero to over 0-8 percent. As such ductile Iron 
castings have excellent response to heat treat- 
ment with a wide range of properties. 

3.2 Ductile iron are subjected to; 

a) Stress relieving, 

b) Annealing, 

c) Normalizing and tempering, 
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d) Hardening and tempering, 

e) Austempering, 

f ) Martempering and tempering, and 

g) Surface hardening. 

3.2.1 Stress Relieving 

Stress relieving treatment is given to ductile 
irons as a routine measure when other specific 
treatments are not required. Ductile iron may 
be categorically classified as: 

a) Un-alloyed, and 

b) Alloyed. 

The stress relieving temperature will generally 
be progessively higher starting from un-alloyed 
to alloyed ductile irons. The charging tem- 
perature will be below 100°C. The temperature 
range is 500-600°C. The casting should be 
heated® 25-150°C/h and held at that tem- 
perature for 1 h + 1 h/25 mm of section 
thickness. It should be cooled down to 
200-300eC @ 25-100°C/h and finally air cooled. 

3.2.2 Annealing 

Achievement of machinability and ductility are 
the prime considerations for full annealing of 
ductile iron. Typical processes to full annealing 
are: 

a) Charging at a temperature below 100°C, 

b) Heating the casting to 900 ± 50°C @ 25- 
150°C/h, 

c) Holding the job for 2 h + 1 h/25 mm 
section thickness, 

d) Cooling down to 700°C @ 25-100°C/h 
and holding for 5h4- 1 h/25 mm section 
thickness, alternately to 790°C @ 25- 
100°C/h and then cool @ 20°C h down to 
650°C, 

e) Cooling down to 200-300°C @ 25- 
100°C/h, and 

f ) Finally cooling in still air. 

A sub-critical annealing which has a shorter 
process can be applied. In this process the 
casting is to be charged at a temperature below 
100°C and heated @ 25-150°C/h to 700°C, 
holding for 5 h-|- 1 hy25 mm section thickness, 
cool down to 200-300°C @ 25-100°C/h 
and finally air cool to ambient temperature. 

3.2.3 Normalizing and Tempering 

Normalizing and tempering treatment are given 
to bring about the homogeneity in the pearlitic 
structure of unalloyed ductile iron and medium 
alloyed ductile iron of thicker section. This 



is followed by tempering to reduce internal 
stress. Normalizing treatment enhances tensile 
properties of ductile iron. The process 
consists of: 

a) Charge at a temp below 100°C, 

b) Heat the casting in furnace @25-150''C/h 
to a temperature of 875-925°C, 

c) Soaking at that temperature for I h/25 
mm section thickness ( Min 1 h ), and 

d) Remove the casting from the furnace 
and cool in still air. Forced air cooling 
may be applied for heavier section. 

The tempering treatment consists of: 

a) Heating the casting to 525-625°C @ 
25-150°C/h, 

b) Soaking at that temperature for 1 h/25 
mm section thickness, 

c) Cooling in furnace @ 25-100°C down to 
200-300°C, and 

d) Finally cooling in air. 

3.2.4 Hardening and Tempering 

Hardening and tempering sometimes known as 
quenching and tempering, is applied to ductile 
iron to have higher hardness and tensile 
strength. The process is to heat the casting 
to the austenic temperature similar to 
annealing and normalizing, (875-925°C), 
holding at that temperature for 30 min to 1 h 
depending on the section and rapidly quenched 
in oil to produce a hard martensitic matrix. 

Casting prone to cracking, are withdrawn from 
the quenchant at ISO^C and immediately 
charged into tempering furnace. The temper- 
ing process consists of heating the casting @ 
25-150°C/h to 2CO-600°C, holding for 1-1-5 h/25 
mm section thickness, cooling down to 
200-300°C @ 25-100°C/h and finally air cooled. 

3.2.5 Austempering 

Austempering results in bainite, a less brittle 
and soft structure than martensite which is 
obtained in normal quench hardening. The 
casting is quenched from a temperature above 
austenite transformation range ( 850-950°C ) in 
a hot salt, oil or lead bath maintained at 250- 
400°C. It is held at that temperature for 
20-30 minutes to allow complete bainitic trans- 
formation and finally air cooled. 

3.2.6 Martempering and Tempering 

The differential volume changes occuring at 
different parts of the casting, as a result of 
martensitic transformation produce high 
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stresses which causes distortion and frequent 
cracking of the casting, Martempering causes 
transformation of martensite which virtually 
eliminates any distortion and chance of 
cracking. However, martempering is to be 
followed by tempering. 

The process consists of quenching the casting 
from a temperature ( 850-950^C ) above 
austenite transformation range in hot salt, oil 
or lead bath maintained at Ms + 50°C ( where 
martensite start temperature ). It is held in 
the bath only until the casting has reached the 
bath temperature and then air cooled. The 
tempering treatment is same as followed in 
normal hardening and tempering discussed in 
the appropriate clause of this standard. 

3.2.7 Surface Hardening 

This can be achieved of flame hardening 
( see 2.2.7 ). 

4 HEAT TREATMENT OF MALLEABLE 
CAST IRON 

4.1 Malleable cast irons are produced by 
prolong annealing of white irons and micro 
structure of annealed product is tempered 
carbon in a matrix of ferritic, pearlite or both. 
The malleablalizing annealing is a manufactur- 
ing process. As such this treatment has not 
been discussed in this standard. 

However, malleable iron may be subjected to 
heat treatment, which have only been dealt in 
this section. 

a) Stress relieving, 

b) Hardening and tempering, 

c) Austempering, 

d) Martempering and tempering, and 

e) Surface hardening. 

4.2 Stress Relieving 

Most of the malleable castings are used with- 
out any other heat treatment unless for specific 
use. Stress relieving treatment is given in all 
such cases before machining of the castings. 
Stress relieving treatment is similar to other 
types of cast irons in which the castings are 
heated to 500-650^C @ 25-150°C/h, holding 
at that temperature for 1 h + 1 h/25 mm of 
section thickness and tooling to 200-300°C 
@ 25-100°C/h and finally cooled in open air 
or in air blast. 

Stress relieving may be included as a part of 
the malleablalizing annealing process. 

4.3 Hardening and Tempering 

As a short-cut method the hardening treatment 
can be given after air cooling the casting to 



below critical temperature from the first stage 
malleablizing annealing by re-heating the casting 
to 820-950<'C, holding at this austenizing temp- 
erature for 30 min to 1 hr and quenching in warm 
agitated quenching oil at 50-100°C. For hardening 
of full annealed malleable castings the material 
is to be heated @ 25-150°C/h to 820-950°C, hold- 
ing at that temperature for 30 min to 1 h followed 
by quenching in warm oil. In the latter 
process, as quenched hardness will be less than 
that in the former process and accordingly 
tempering temperature is to be lowered for 
the castings treated by the latter process to 
get the same level of hardness. In both the 
cases, the tempering should be as applicable to 
ductile iron discussed in the appropriate 
clauses of this standard. 

4.4 Austempering 

Austempering results in bainite, a less brittle, 
and soft structure than martensite which is 
obtained in normal quench hardening. The 
casting is quenched from a temperature above 
austenite transformation range ( 850-950°C ) 
above in a hot salt, oil or lead bath maintained 
at 250-400°C. It is held at that temperature 
for 20-30 minutes to allow complete bainitic 
transformation and finally air cooled. 

4.5 Martempering and Tempering 

The differential volume changes occuring at 
different parts of the casting, as a result of 
martensitic transformation produce high 
stresses which causes distortion and frequent 
cracking of the casting. Martempering causes 
transformation of martensite which virtually 
eliminates any distortion and chance of 
cracking. However, martempering is to be 
followed by tempering. 

The process consists of quenching the casting 
from a temperature ( 850-950''C ) above 
austenite transformation range in hot salt, oil 
or lead bath maintained at Ms + 50°C ( where 
martensite start temperature ). It is held in 
the bath only until the casting has reached 
the bath temperature and then air cooled. The 
tempering treatment is same as followed in 
normal hardening and tempering disucssed in 
the appropriate clause of this standard. 

4.6 Surface Hardening 

This can be achieved by flame hardening 
( see 2.2.7 ). 

5 HEAT TREATMENT OF AUSTENITIC 
CAST IRON 

5.1 Austenitic cast irons offer wide variety of 
application due to its excellent properties like 
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resistance to oxidation and heat, wear 
resistance, strength and corrosion resistance. 
Other properties like non-raagnetisra and high 
electrical resistivity find its application in 
electric industries where such properties are 
very much essential. Both the types of 
austenitic cast irons are normally subjected to 
following types heat treatment: 

a) Stress relieving, 

b) Spherodizing annealing, and 

c) High temperature stabilizing. 
5.1.1 Stress Relieving 

In austenitic cast irons residual stress accura- 
mulates during cooling of the casting as well as 
during machining. It is, therefore, desirable 
to have stress relieving treatment after rough 
machining rather than after fettling as this 
will help to maintain dimensional accuracy 
against distrotion due to residual stress 
relieving treatment involves: 

a) Charging the castings into the furnace 
at below 100°C, 

b) Heating the casting to 600-675°C @ 
25-100°C/h, 

c) Soaking at that temperature for 1 h/25 
mm section size, 

d) Cooling the castings @ 25-100°C/h to 
200-300°C, and, 

e) Finally air cooled. 

5.1.2 Spheroidizing Annealing 

Austenitic cast iron with higher chromium 
content may have carbide in the micro struc- 
ture. This occurs particularly in thin section 
or in chilled casting. Such structure is highly 
stressed and hard. This treatment dissolves 
some and sphercdizes rest of the carbides on 
cooling giving a homogenous structure. The 
process is to heat the casting to 970-1 025°C, 
soak at that temperature for 30 min to 5 hrs, 
depending on the section thickness and cool 
down to 200-300°C @ 25-100°C/h and finally 
air cool. 

5.1.3 High Temperature Stabilizing Treatmeni 

Austenitic cast iron subjected to cyclic 
loading at high temperature should be given a 
stabilization treatment so that there is no 
appreciable change in micro structure associa- 
ted with grain growth carbon rejection of the 
supper saturated austenite matrix and so no 
distrotion at the service condition. Since this 
stabilising • treatment may produce some 
distortion in casting it is advisable to give this 



treatment before final machining. The process 
consists of slowly heating the casting to the 
temperature arround 870°C, holding for a 
period of 1 h/25 mm section thickness ( Min 
1 h), furnace cooling to 200.300°C@ 25-100°C/h 
and finally cooling in open air. 

5.1.3.1 Another treatment called dimensional 
stabilizing treatment is given to casting 
that requires high dimensional accuracy of 
components made with austenitic iron casting 
in specific application. This treatment is an 
extension of high temperature stabilizing 
treatment in which the machined component 
after being soaked as per high temperature 
stabilizing treatment is cooled in furnance @ 
25-100°C/h to 200-300°C followed by air cooling 
and then finish machining and stress relieving 
at 250-300°C for 1 h/25 mm section thickness 
followed by air cooling. 

6 FURNACES 

Normally electrically heated or oil fired 
indirect heating type furnaces are suitable 
for heat-treatment of cast irons. For mass 
production continuous furnaces are more 
suitable. In any case the construction of the 
furnace should be such that the material may 
easily and quickly be removed from the 
furnace. For sophisticated castings it may 
be required to protect the material from the 
excessive oxidation. In such case, arrange- 
ment for inert atmosphere in the furnace or 
a salt bath furnace operating with neutral salt 
are more suitable. Tempering furnaces may 
be ordinary electrically heated or oil fired 
furnaces. The following points should be 
taken care of: 

a) Temperature accuracy of furnance control 

system, 

b) Practicability of indirect heating. If 
direct heating is permitted, 

c) It is to be ensured that some minimum 
distance between charge and flame is 
maintained, 

d) Temperature probes to be uniformly 
distributed and should be located in 
close proximity to the charge, and 

e) A minimum temperature difference bet- 
ween any two temperature probes is to be 
maintained. 

7 PRECAUTIONS 

As cast irons are very susceptible to thermal 
shock particularly at the lower range of 
temperature of 300-650°C. The heating and 
cooling rates are very critical to reduce 
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wrapage and formation of cracks particularly 
in thin and intricate sections. The rate of 
heating and cooling should be very slow not 
more than 25- 150°C/h particularly up to the 
temperature of 600°C. Even at the austenitic 
temperature there may be distortion and the 
material should properly be supported during 
heating and soaking in the austenizing range. 

8 MICRO STRUCTURE AND HARDNESS 

A wide range of hardness may be obtained by 
heat -treatment. The exact hardness values to 
be achieved should be as agreed to between 
the manufacturer and purchaser. As quenched 
hardness generally varies between 400 and 550 
BHN according to types of cast irons. As 
quenched hardness of abrasive resistant cast 
iron may be as high as 650 BHN. However, 
hardnened and tempered cast irons should 
have hardness not more than 420 BHN to have 
ductility and strength. As regards micro- 



structures the hardened and tempered cast irons 
should have a tempered martensitic matrix in 
addition to graphite carbon in various shapes 
and sizes. During austenizing some carbon 
from the graphite dissolve into the austenitic 
matrix which subsequently give a pearlitic 
structure. Silicon has the tendency to resist 
the graphitic carbon into going in solution in 
the austenitic matrix and the process is a 
complicated one due to different parameters. 
The amount of pearlitic structure cannot, 
therefore, be predicted precisely. Tempered 
martenisitic structure may also be achieved 
by heat-treatment of white cast iron. 
In the austenitic cast iron the carbides may 
take globular shape during spherodizing treat- 
ment and the room temperature structure will 
be austenitic matrix with globular carbide in 
addition to presence of carbon either in fiake 
or in nodular shape according to the type of 
austenitic cast iron. 
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Standards Act, 1986 and the Rules and Regulations made thereunder. The Standard Mark 
on products covered by an Indian Standard conveys the assurance that they have been 
produced to comply with the requirements of that standard under a well defined system 
of inspection, testing and quality control which is devised and supervised by BIS and 
operated by the producer. Standard marked products are also continuously checked by 
BIS for conformity to that standard as a further safeguard. Details of conditions under 
which a licence for the use of the Standard Mark may be granted to manufacturers or 
producers may be obtained from the Bureau of Indian Standards. 



Bareaa of Indian Standards 

BIS is a statutory institution established under the Bureau of Indian Standards Act, 1986 to 
promote harmonious development of tbe activities of standardization, marking and quality 
certification of goods and attending to connected matters in the country. 

Copyright 

BIS has the copyright of all its publications. No part of these publications may be reproduced 
in any form without the prior permission in writing of BIS. This does not preclude the free use, 
in the course of implementing the standard, of necessary details, such as symbols and sizes, type 
or grade designations. Ejiquiries relating to copyright be addressed to the Director 
( Publications ), BIS. 

Revision of Indian Standards 

Amendments are issued to standards as the need arises on the basis of comments. Standards 
are also reviewed periodically; a standard along with amendments is reaflBirmed when such review 
indicates that no changes are needed; if the review indicates that changes are needed, it is taken 
up for revision. Users of Indian Standards should ascertain that they are in possession of the 
latest amendments or edition by referring to the latest issue of 'BIS Handbook and ^Standards 
Monthly Additions'. Comments on this Indian Standard may be sent to BIS giving the following 
reference: 
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